In this study, rhizobacteria were isolated from the roots of Scirpus mucronatus grown in dieselcontaminated soil. In a range finding test, microorganisms were isolated from soils contaminated with diesel in concentrations of 0, 10, 20, 100, and 200 g/kg. The number of colonies isolated was 38. After morphological and chemical tests, the number of bacteria colonies isolated was reduced from 38 to 35 bacteria. Of these, 23 bacterial isolates survived on 9 and 15% diesel-spiked mineral salt medium (MSM) after 5 days of exposure. Vitek® 2 Compact (France) identified three species of bacteria that could survive in the diesel-spiked plates, namely, Sphingomonas paucimobilis, Rhizobium radiobacter, and Bacillus pumilus.
INTRODUCTION
Since the traditional treatments for contaminated soil through excavation, soil vapor exposure, and bioventilation are expensive, the search for an alternative treatment has turned to phytoremediation, which is costeffective (Zhang et al., 2010) and environmental friendly (Agamuthu et al., 2010) . Phytoremediation uses plants to degrade, stabilize, and remove contaminant from the soil (Agamuthu et al., 2010) . Furthermore, as Palmroth et al. (2002) have noted, phytoremediation can be an alternative to harsher clean up technologies, which drastically alter the chemical and physical properties of a soil, creating a relatively inert material. Phytoremediation *Corresponding author. E-mail: fit_purwanti@yahoo.com. or rozaimah@eng.ukm.my. Tel: +628123111480.
has been widely used to treat contamination in water, such as domestic wastewater (Arroyo et al., 2010; Melián et al., 2010; Kayranli et al., 2010) , industrial wastewater (Justin et al., 2009; Khan et al., 2009; Lee et al., 2010) , landfill effluent (Kadlec and Zmarthie, 2010) , agricultural wastewater (Lu et al., 2009; Lee et al., 2010) , mine drainage (Sheoran, 2005; Nicomrat et al., 2006) , and soil remediation (Agamuthu et al., 2010; Zhang et al., 2010) . Several types of plants are used in phytoremediation, such as grasses (White et al., 2003; Wang and Oyaizu, 2009) , legumes (Merkl et al., 2005a; 2005b) , and aquatic plants (Dowty et al., 2001; Groudeva et al., 2001) .
Phytoremediation has also been used to treat contamination with organic compounds, such as petroleum-derived contaminants. The mechanism for removal of petroleum is through rhizodegradation, that is, degradation in the rhizosphere (the zone of influence of the root system). According to the Anonymous (2000) , rhizodegradation is the breakdown of an organic contaminant in soil through microbial activity that is enhanced by the presence of the root zone. Rhizodegradation is also known as plant-assisted degradation, plant-assisted bioremediation, plant-aided in situ biodegradation, and enhanced rhizosphere biodegradation.
Research has identified such hydrocarbon-degrading bacteria as Pseudomonas sp., Achromobacter sp., Acinetobacter sp., Microbacterium oxydans, Pseudomonas plecoglossicida and Acidovorax delafieldii (Daane et al., 2001; Tesar et al., 2002; Gao et al., 2006; Sorkhoh et al., 2010; Hong et al., 2011; Teng et al., 2011) .
The aim of this study was to isolate and identify rhizobacteria that could survive on diesel-contaminated soil. Rhizobacteria were isolated in a range-finding test, which is a preliminary test for determining the concentration of a soil contaminant, such as diesel, in which the plant species can survive. This test is an early step of a phytotoxicity study. All colonies found in the root zone were isolated and characterized. Pure cultures were selected by color, size (mm), shape, texture, elevation and edge of each colony on TSA (Triptic Soy Agar) plates. Cellular morphology was observed by Gram staining, oxidase and catalase concentrations, and motility. The rhizobacteria studied in this research were isolated from the root zone of Scirpus mucronatus, an aquatic plant growing in moist and wet terrestrial habitats and in shallow water. This plant is known by the common names of bog bulrush, roughseed bulrush, and ricefield bulrush. It is a perennial herb growing from a short, hard rhizome. Its erect, three-angled stems grow in dense clumps and reach a meter tall. The leaves take the form of sheaths wrapped around the base of stem, but they generally do not have blades (Anonymous, 2010) .
MATERIALS AND METHODS
Isolation of rhizobacteria of Scirpus mucronatus was conducted during a range finding test. The bacteria were taken from the root of withered plants planted in soil contaminated with diesel in concentrations of 0, 10, 20, 100, and 200 g/kg, as described in Purwanti et al. (2011a) .
Plant root sampling
About 10 g samples of plant root and attached soil were mixed into 100 mL of sterilized distilled water in 250 mL Schott bottles (PerezFernandez et al., 2004; Çakmakci, 2007; Mittal and Johri, 2007; Muratova, 2009 ). Samples were agitated for an hour at 37°C on a shaker (INFORS, Germany) to homogenize the mixture (AbouShanab et al., 2005; Phillips et al., 2008) . The supernatant was raised by serial dilution up to a factor of 10 -7 using normal saline.
Isolation of rhizobacteria
Samples were then diluted to the highest dilution of 10 -7 and 0.1 mL from the dilution series (10 -3 , 10 -5 and 10 -7 ) (Zytner et al., 2006) , then pipetted and spread on Tryptic Soy Agar (Difco, USA) agar. The samples were prepared in triplicate and incubated for 24 h at 37°C. All colonies appearing on the TSA plates were streaked on new TSA plates for further purification. The plates were incubated at 37°C for 24 h.
The characteristics of pure culture bacteria in terms of color, size (mm), shape, texture, elevation and edge of each colony on TSA plates were observed. Cellular morphology was observed through Gram staining, and the pattern of each cell was investigated under the microscope (Si-jin et al., 2006) . All potential isolates were identified by using biochemical tests of oxidase, catalase, and motility (Si-jin et al., 2006) .
Hydrocarbon-degrading bacteria
Bacteria were tested for hydrocarbon tolerance by inoculation in Minimal Salt Medium (MSM) with addition of 9% (v/v) or 15% (v/v) of diesel fuel obtained from a petrol station. The formulation of MSM (g/L, 1.2 KH2PO4, 1.8 K2HPO4, 4.0 NH4Cl, 0.2 MgSO4.7H20, 0.01 FeSO4.7H20 and 0.1 NaCl) (R and M Chemical, UK) with 0.1% added trace elements (g/l, 0.1 MnSO4.H2O, 0.025 CuCl2, 0.025 (NH4)6MO7.O24, 0.025 Co(NO9)2.6H2O, 0.025 ZnCl, 0.01 NH4NO3 (R and M Chemical, UK)) was autoclaved at 121°C for 15 min (Mukred et.al., 2008; Zhen-Yu et al., 2008) . All isolates were streaked on MSM agar and incubated at 37°C for 1-5 days. On the last day of observation, bacteria grown on MSM agar with diesel fuel were scored. Scoring was conducted to the streaked plate by quantitative indicator from good growth (+++) to poor growth (+).
Identification of bacteria
The hydrocarbon-degrading bacteria were then streaked onto new TSA plates and incubated at 37°C for 24 h prior to identification through microbial analysis. Bacteria were streaked on disposable tubes contained saline water before identification by Vitek® 2 Compact kit (France).
RESULTS AND DISCUSSION

Isolation of rhizobacteria
Twenty-four hours after spreading onto the TSA agar, 38 colonies of bacteria were found from all the samples at all concentrations of the contaminant. Colonies of rhizobacteria found from the range-finding test were as shown in Table 1 . Fewer colonies were found on the highest concentration of contaminant (200 g/kg), since plants in the concentration of 100 and 200 g/kg were completely dry after 30 days of exposure (Purwanti et al., 2011a) . Six colonies were found on the roots of plants in the container with no contaminant and also in the container with 100 g/kg diesel concentration. The highest number of colonies (13) was found on the roots of plants planted in the soil spiked with 10 g/kg diesel, and 10 colonies were found in the soil spiked with 20 g/kg diesel. The lowest number of colonies (3) was found on the roots of plants in soil spiked with 200 g/kg diesel ( Figure 1) .
As morphology test, colonies of bacteria were characterized by form, elevation, margin, appearance, pigment, texture, color and size (Prescott, 2002; Çakmakci, 2007) . Since morphological examination found several colonies which have the same shape, color, or size, the number of colonies under study was reduced to 35, as shown in Table 2 . The colonies were then observed chemically through gram staining, catalase, and oxidase, while motility was examined microscopically. Figure 2 summarizes the results obtained from the chemical observation of colonies. Gram staining showed that 65.7% of the bacteria were gram-negative; 54.3% of the bacteria did not produce catalase; 51.4% of the bacteria indicated the absence of oxidase, and a similar number of bacteria were motile.
Hydrocarbon-degrading bacteria
The pure cultures were later observed on Mineral Salt Medium (MSM) spiked with diesel fuel to identify any hydrocarbon-degrading bacteria. The concentration of diesel spiked on MSM media was as same as spiked on sand during phytotoxicity test. Spiking sand with 150 g/kg diesel resulted in all plants drying up while spiking soil with 90 g/kg diesel caused plants to wither (Purwanti et al., 2011b) . On the last day of phytotoxicity test, the degradation of TPH on sand spiked with diesel concentration of 90 and 150 g/kg were 72 and 71%, respectively (unpublished data). One of aspect enhanced the degradation of TPH in sand was bacteria (rhizodegradation) (Zytner et al., 2006; Tang et al., 2010) . Twenty-four hours after streaking on MSM agar, only 12 of the 35 colonies of bacteria survived in plates with diesel concentrations of 9 and 15%. At the end of the 5-day observation period, the colonies of bacteria that could tolerate diesel had grown. Respective twenty-three and twenty-two colonies of bacteria were tolerant of diesel in plates with diesel concentrations of 9 and 15%. Figure 3 shows all the bacteria found to be diesel-tolerant after 5-day exposure. When the bacteria were grown in MSM media with diesel, almost 99% of bacteria tolerant to the 9% medium concentration of diesel were also tolerant to the 15% medium concentration of diesel except for species P, as shown in Figure 3 . The isolates were further quantified using scoring method. After 5 days incubation, only 5 isolates had highest density of growth on MSM agar with 9 or 15% of diesel and selected for identification (Table 3) .
Identification of bacteria
Identification of 5 isolates using Vitek® 2 Compact Purwanti et al. (Daane et al., 2001; Tesar et al., 2002; Gao et al., 2006 ; Sorkhoh et al., 2010; Hong et al., 2011; Teng et al., 2011) also identified two of the bacteria identified in this study as diesel-tolerant: Sphingomonas sp.and Rhizobium sp. Table 4 shows the comparison of bacteria type found in this study with those found in other similar studies. The differences in isolated hydrocarbon-degrading bacteria between our study and previous studies could be due to differences in plant, contaminant, and contaminant concentration.
Conclusions
Range-finding study isolated 38 colonies of rhizobacteria found in the roots of Scirpus mucronatus grown in dieselcontaminated soil. Morphological and chemical observation resulted in the isolation of 35 colonies of potentially hydrocarbon-degrading bacteria. After streaking on MSM medium spiked with concentrations of 9 and 15% diesel, 23 and 22 pure cultures of bacteria survived, respectively. After 5 days incubation, only 5 isolates had highest density of growth on MSM agar with 9% or 15% of diesel and selected for identification. Vitek® 2 Compact (France) analysis identified three diesel-tolerant bacteria: Sphingomonas paucimobilis, Rhizobium radiobacter, and Bacillus pumilus.
